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Ph Abstract 

7^ , A formalism for measuring time-dependent CP violation in — > J/iph + h~ decays 

with J/tp — > fi + fi~ is developed for the general case where there can be many h + h~ 
final states of different angular momentum present. Here h refers to any spinless 

■^j- meson. The decay amplitude is derived using similar considerations as those in 

a Dalitz like analysis of three-body spinless mesons taking into account the fact 
that the J/ip is spin-1, and the various interferences allowed between different final 
states. Implementation of this procedure can, in principle, lead to the use of a larger 

,— l number of final states for CP violation studies. 
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1 Introduction 



Measurement of CP violation in the B and B® systems is important for testing the 
Standard Model, as new particles can appear in mixing diagrams. Previous measurements 
have been made in many modes [lj. To measure the phase in B® decays the final states 
Bg — > J/ipK + K~ for K + K~ masses close to that of the meson has been used [2}j4], as 
well as Bg — > J/iIjtt + tt^ [5]. In the latter case the final state is CP odd [6] over most of 
the 7T + 7r~ mass range, while in the case of K + K~ the final state even in the mass region 
near the <fi meson has both CP odd and even components, that can be resolved using 
time-dependent angular analysis (7J. In this paper we present a formalism that allows 
the entire K + K~ mass region to be used in CP violation measurements regardless of the 
final state angular momentum. This formalism can also be applied to B° decays, e.g. 
B° J/^tt+tt-. 

The basic concept here is to couple a three-body Dalitz like analysis |8| to the Jfyh + h~ 
final state, where the J/ip — > fi + n~ and concurrently measure the time-dependent CP 
violation by splitting the final state into odd and even CP components. 



2 Time-dependent decay rates 

The time evolution of the B®-B° system is described by the Schrodinger equation 

J » + lR0m\ - iV1 o 1 lR0m\ > \ L ) 



dt\\B\{t)) ) v 2 X AW 

where the M and T matrices are Hermitian, and CPT invariance implies that M\\ = M22 
and Tn = I^- The off-diagonal elements, M12 and Ti2, of these matrices describe the 
off-shell (dispersive) and on-shell (absorptive) contributions to B®-B Q q mixing, respectively. 
The mass eigenstates \Bh) and \Bl) of the effective Hamiltonian matrix are given by 

\B L ) = p\B \ + q\B°\, 



\Bh) = P\B° P ) - q\B«Y (2) 



■qli 
'qh 

with \p\ 2 + \q\ 2 = 1. The decay amplitudes for B® and B° q into a self-charge-conjugated 
final state /, where for this paper / = J/%fjh + h~ , are defined as 

A f = (f\S\B° q ), A f = (f\S\B° q ). (3) 

With the additional definitions 

A = Af, and A = -A f , (4) 

p 



1 



the time dependent decay rates can be written as |9 

|2 



r(f) 



Me- Tt 



L4P + L4 2 , AH A 2 - LA 2 /A . 

— L - L cosh h — L - L cos(Amt) 

2 2 2 y ' 

Art 



Ke(A*A) sinh — Xm(A*A) sin(Amt) J> , (5) 



. R (\A\ 2 + \A\ 2 , Art |A| 2 - |A| 2 , A . 
jy e -rt <j i i _ i i cogh _ i i _ i i cos ( Amt ) 

Art 



TZe(A*A) sinh + lm(A*A) sin(Amt) } , (6) 



where TV is a normalization constant, Am = tuh — tul, Ar = Tl — r#, and T 

(r L + r H )/2. 



3 Angular dependent formulas 
3.1 Definition of helicity angles 

We express the angular dependence of the decay in terms of "helicity" angles defined as 
(i) Oe, the angle between the /i + direction in the J/ip rest frame with respect to the J/ip 
direction in the B® rest frame; (ii) 9h the angle between the h + direction in the h + h~ 
rest frame with respect to the h + h~ direction in the B® rest frame, and (iii) x t ne angle 
between the J/ip and h + h~ decay planes in the B® rest frame. These angles are shown 



pictorially in Fig. 



(These definitions are the same for B® and B®, namely, using 



and h + to define the angles for both B® and B° decays.) 




Figure 1: Definition of helicity angles. For details see text. 
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3.2 Time-independent part of the rate for decays 

For the decays of B® — > J/iph + h" with J/0 — > n + the decay rate is found by summing 
over the unobserved lepton polarizations. The time-independent part of the rate i^] 

2 



\A f (m hh ,e h ,e £ ,x)\ 2 = E 



a=±l 



\\\<J 



X.J 



47T 



(7) 



where A = 0, ±1 is the J/ip helicity, a = ±1 is the helicity difference between the two 
muons, J is the spin of the h + h~ intermediate state, and ifj^m/^) is a helicity amplitude 
depending on rrihh that can be expressed using a formalism similar to that in a Dalitz-plot 
analyses. We define the term which contains the sum over spin-J as 



n x (m hh ,9 h ) = \l 2j ^Hl{m hh )d J _ Xfi (6 h ). 



Air 



(8) 



Then Eq. ^ becomes 
\A f {m hh ,6 h ,6 e ,x)\ 2 = Yl 



a=±l 



E 

a=±l 



E^M^^vK^A) \J2 elXXd i^0i)'H x (m hh ,9 h ) 



A', A \a=±l 



Defining 



results in 



(9) 



(10) 



a=±l 



\A f (m hh ,e h ,e e ,x)\ 2 -^^k.wk,^) j {x - x ' )x ex>x(o t ). (11) 

A', A 

Table [T] lists the functions Ba'aA)- They are invariant under the interchange of A 
and A', i.e. 0a'aA) = ©aa'A)' an d transform with respect to a change of the sign of 
both A and A' as Q xx >(0 e ) = (-1) A - A '0 

-a'-a(^)- Inserting the explicit functional forms 
in Eq. (11) allows us to express the amplitude as 

\A f (m hh ,e h ,e e , x )\ 2 =\n (m hh ,e h )\ 2 sm 2 e l + ^ (\n+(m hh ,e h )\ 2 + \n.{m hh ,e h )\ 2 ) 

x (1 + cos 2 9t) + Tie [U+(m hh , 9 h )H*_(m hh , 6 h )e 2ix ] sin 2 e 

+ V2TZe [{Ho(m hh ,e h )Hl(m hh ,6 h )-n* (m hh ,e h )H4m hh ,e h )) e~^} 

x sin^cos^, (12) 



1 In d ,J _ x Q^h), — A is used instead of A in order to be consistent with the convention used in |3j. 



where we denote T-L\ by 0, +, and — , rather than 0, +1 and —1. 



Table V. Functional forms of Oa'a(#) defined in Eq. (10) for different values of A and A' 
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A' 
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sin 2 6» 
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sin 9 cos 9 





-1 


— sin 9 cos 9 


1 





A= sin 9 cos 9 


1 


1 


i(l + cos 2 #) 


1 


-1 


| sin 2 9 


-1 





— 4^ sin 9 cos 9 


-1 


1 


\ sin 2 9 


-1 


-1 


i(l + cos 2 #) 



3.3 Time-independent part of the rate for B q decays 

For B° q decays, the expression for \Af(m hh , 9h, 0e, X)\ 2 i results from replacing T-L\(m hh , 9 h ) 
in Eq. (12j) by 7-L\(m hh ,9 h ), which contains the helicity amplitudes for B° q decays. 
7~L\( m hh,9h) and T-L\{m hh) 9 h ) are related by transversity CP eigenstates 10 , that are 
discussed in Section |4} Using these we find 

\A f (m hh ,9 h ,9 e , X )\ 2 = \U (m hh ,9 h )\ 2 sm 2 9 e +^ (\H+(m hh , 9 h )\ 2 + fH-(m hh , 9 h )\ 2 ) 



x (1 + cos 2 9 e ) + lie 



sin 9c 



H + (m hh ,9 h )H*_(™ hh ,9 h )e 2l x 

+ \f2TZe \Wo(m hh ,6 h )'H* + (m hh ,9 h ) - H* Q (m hh , 9 h )U-{m hh , 9 h yj e~ lx 
x sin 9 1 cos 9g . (13) 

3.4 The interference term 

Next we calculate the complex term A*f{mhh, 9h, 9g, x)Af(mhh, 9h, 9i, x)- We have 
A* f (m hh , 9 h , 9 t , x)A f (m hh , 9 h , 9 t , x) = 



0=±1 



E e iX '*d\, !a {9i)U x ,{m hh , 9 h ) ]T e iX *d\ a {9 t )U x {m hh , 9 h 



^2 n ^ m hh,0 h )n*y(m hh ,9 h ) e^ x ' x '^Qy X (9 e ). 



(14) 



A', A 
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Replacing the explicit terms leads to 

A* f (m hh , 9 h , 9 e , x)A f (m hh , 9 h , 9 e , x) = W-o(m hh , 9 h )H* (m hh , 9 h ) sin 2 6 e 

+ \ (K + (m hh , 9 h )H* + (m hh , 9 h ) + U-{m hh , 9 h )H*_(m hh , 9 h )) (1 + cos 2 t ) 

+ X - (H+(m hh , 9 h )H*_(m hhl 9 h )e 21 * + H-{m hhl 9 h )H* + (m hh , ^)e" 2i *) sin 2 9 e 

+ ±= {H Q (m hh: 9 h )U* + (m hh , 9 h )e~^ - H (m hh , 9 h )H*_(m hh , 9 h )e ix 
+'H+(m hh ,9 h )'H* ( y m hh ,9 h )e rx - 'H-( y m hh ,9 h )'H* ( y m hh ,9 h )e' tx ) sm9 e cos9 e . 

4 Time-dependent Dalitz-plot formalism 



(15) 



Here we discuss the general formalism which includes S, P, D or higher waves of the h + h~ 
intermediate states. 

Apart from the proper decay-time t, the decay of B® — > J/tph + h~, J/ip — > can 
be described by four variables, we choose to use rrihh and three helicity angles (9i, 9h, x)> 
where (m^, cos 9h) space is used instead of the usual variables in a Dalitz-plot analysis: 
m\ h ,m 2 j^ h+ ; the advantage is the former has an rectangle phase space which is easier for 
calculating the normalization. 

Assuming \p/q\ = 1, the differential decay rates in Eqs. ^ and ^ can be written in 
terms of the five variables t, m hh , 9t,9h,X as 

d 5 r rt (\A f \ 2 + \A f \ 2 ATt \A f \ 2 -\A f \ 2 , 
a e -rt j J — J_! L_/±_ cos h 1_ L_>J L_>±_ C os( Ami) 



dtdmuhd cos 9gd cos 9hd\ 12 2 



- Tie (^A* f Af \ sinh^ -Tm (^A* f A f j sin(Ami) j , (16) 



d 5 r _ rt (\A f \* + \A f \* .AH \A f \ 2 -\A f < 2 



dtdrrihhd cos 9gd cos 9hdx 12 2 



oc e < — — cosh — cos( Ami) 



- Tie \^ A *f A f\ sinh ^ + Im (jj A *f A f) sin ( Amt ) } • ( 1T ) 



The functions \Af\ , \Arr and A^Af are defined in Eqs. (12), (13) and (15) respectively. 
We now substitute in Eq. ^ explicit variables for H((rrihh 
plot variables and 9^, resulting in 



in terms of our chosen Dalitz- 



^ \ m -B/ \ m hhJ 

(18) 

where the function A^rrihh) describes the mass squared shape of the resonance R, that 
in most cases is a Breit-Wigner function, Pr is the J/ip momentum in the B q rest frame, 
Pr is the momentum of either of the two hadrons in the dihadron rest frame, is the 



5 



Table 2: CP parity for different spin resonances. Note that spin-0 only has one transversity 
component-0. 



Spin 


Vo 


V\\ v± 





-1 




1 


1 


1 -1 


2 


-1 


-1 1 



B° q mass, Lr is the orbital angular momentum between the J/ip and h + h system, and 
Lr the orbital angular momentum in the h + h~ decay, and thus is the same as the spin of 
the h + h~ resonance. F b Lb ^ and F r Lr ^ are the Blatt-Weisskopf barrier factors for B q and 
R resonance respectively [m. 

The factor y/ PrPr results from converting the phase space of the natural Dalitz- 

plot variables m? hh and i rn 2 J /^ h + to that of m hh and cos 6^. "H A is summed over all h + h~ 
intermediate states (R) with different spins, denoted as Jr. The function defined in 



Eq. (18) is based on previous Dalitz plot analyses |6||1_1], but here all allowed values of 
Lb and Lr are included. 

In order to use CP relations, it is convenient to replace the helicity complex coefficients 



hf by the transversity complex coefficients af using their relations 



*o = 


"0 ' 


a f = 


1 <-! 

71 (h 


a? = 


1 

vi (h 



R u'R 



-h^). (19) 



Here corresponds to longitudinal polarization of the J/ift meson, and the other two 
coefficients correspond to polarizations of the J/ip meson and h + h~ system transverse 
to the decay axis: a^ for parallel polarization of the J/ip and h + h~ and for their 
perpendicular polarization. 

In the SM, if we assume that only one diagram contributes to the decay and there is 
no direct CP violation, then the CKM weak phase only appears as | = e~ l ^ s for the B° s 

decays and | = e~ 2j/3 for the -B decays. The a'j amplitudes only contain strong phases, 
so af = r/faf, where rjf- is CP eigenvalue of the ith transversity component for the 
intermediate state R. (Here i = 0, ||, _L.) Note that for the h + h~ system both C and 
P are given by (— 1) Lr , so the CP of the h + h~ system is always even. The total CP of 
the final state is (— l) is , since the CP of the J/ip is also even. The final state CP parities 
for S, P, and D- waves are shown in Table [2] 

Direct CP violation can also be considered, i.e. af ^ rjf' af . The complex coefficients 
can be parameterized as 



a 



f = cf (1 + bf y^?\ af = V «c« (1 - &f)e^-a (20) 
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where cf, bf , 5f and (j)f are real numbers that can be determined in the experiment. 
Note that bf and cf)f are CP violating, while cf and 5f are CP conserving. The direct 
CP asymmetry for a particular intermediate state R with the transversity i component is 





2 _ 




2 -26? 


|af | 2 + 


af | 2 1 + (6f) 2 



(21) 



In the case that direct CP violation is present, the experiment measures an "effective" 
phase that is the sum of the CP violation due to the interference between mixing the 
decay and direct CP violation, given by 



</>f(R)i = <p s + 20f , or 2/3 c{i (R) t = 2/3 + 2<j>?. (22) 
To implement this procedure data need to be fit with the probability density func- 



tions (PDFs) given in Eqs. (16) and (17). The normalization can be computed by first 
integrating over t, 8g and x analytically, then by using numerical integration for the re- 



maining variables; the terms containing variable \ m Eqs. (12), (13) and (15) are zero 
when integrating over x £ l~ n i 7r ]- The data can be either flavour tagged or not [12]. In 
the latter case the two PDFs are averaged. 

Without considering nihh dependence, time-dependent angular analysis for (p s deter- 
mination in B° s — > J/tj) (f) decay [2]^4] cannot distinguish between two ambiguous solutions, 
one that is (4> s , AT) and the other being (n — (f> s ,—AT), because the time-dependent 
differential decay rates are invariant under this transformation together with a similar 
transformation for the strong phases. This ambiguity has been resolved by the LHCb col- 
laboration 13 using the P-wave <fi interference with the K + K~ S-wave 14 as a function 



of dikaon invariant mass as suggested in 15 



Our Dalitz-plot formalism automatically 

acco 

in Eq. (IT8|), and thus provides only one solution for (0 S , T s ) without any ambiguity. 



takes the strong phases as a function of into account in the complex function A^m^h 

,r 



5 Conclusions 

We have presented a method that can be used to extract the CP violating phase for neutral 
B meson decays into a spin-1 resonance that decays to a dilepton pair and a 7r + 7r~ or 
K + K~ pair, using the full set of mass and angular variables. Thus CP violation can be 
measured using a much larger set of final states. For example, the K + K~ mass range in 



B Q S J/ipK + K can be used including higher mass states such as the /2(1525) 16 
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Appendix: Application to S- and P-waves in B® — y 

J/i)K + K- 



Time-dependent angular analysis [3j|4] has been applied to B° s — > J/ip considering both 
a P-wave resonance, <p ~~ K + K~ , and S-wave contamination 041. Here we show that our 



formulation reduces to previously used expressions 15 , 17 by considering only the <p mass 
region in — > J/tpK + K~ decays. With this simplification, it is necessary to consider 
only S- and P-waves in the K + K~ system. Eq. rt8|) can be rewritten as 



Ho = ^d%(0 h ) + H o dl fi (9 h ) = ^ + H o cos 9 h , 
H + = H + d\ (6 h )=H + S -^, (23) 
H_ = H_d\ fl {9 h ) = -H^, 
where H$ is the helicity amplitude for S-wave, and Hq± are the helicity amplitudes for 



P-wave (A = 0,±1). Then Eq. (12) can be expressed as 

10 



\A f \ 2 = Y,PkG k {n hel ) (24) 



k=l 



in terms of the amplitudes H, where fihei is short hand for the three angular variables 
(0h,9i,x)- The individual terms for p k and Gfc(f2hei) for fc=l-10 are listed in Table 13} 



Table 3: Definition of the functions pk and Gfc(fihei) of Eq. (24) 



k 


Pk 


Gk(^he\) 


1 

2 


\H S \2 

\Ho\ 2 


sin 2 0£ 
sin 2 6 1 cos 2 6h 


3 


\H + \ 2 + \H_\ 2 


±(l + cos 2 ^)sin 2 9 h 


4 




2 sin 2 9 1 cos 9^ 


5 


TZe(H + H*_) 


— 2 sin 2 0£ sin 2 9h cos 2\ 


6 


lm(H + H*_) 


\ sin 2 9 1 sin 2 9 h sin 2% 


7 


<R,e[f 3 (H* + + H*_)} 


\ sin 19 1 sin 9 h cos x 


8 
9 


Xm(f 3 (H* + -HI)) 
TZe(H (H* + + Hl)) 


\ sin 26^ sin 9 h sin x 
| sin 29 e sin 2$^, cos x 


10 


Zm(H (H* + - HI)) 


— \ sin 2^ sin 29 h sin x 



The functions can be expressed using transversity amplitudes by using the relations 
between helicity and transversity amplitudes (A) [18], and the relations between helicity 
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^hi^i-,X)i ^heb an d transversity angles (ip tT , 9 tT , tr ), f2 tr . The amplitudes relations are 



As 

A \\ 

A i 



1 

i 

71 



(25) 



and the angular relationships are 



COS ljj tl 

sin 9 tT cos 0tr 
sin 9 tT sin </> tr 
cos 9 tT 



= cos9 h , 
= — cos 9i, 
= — sin ^ cos x, 
= sin 9i sin 

The amplitudes A{ are related to Ai as 

Mi 

where i]i is CP eigenvalue of the i component; rjs and ?7j_ = —1, and r] Q and 7711 = 1. 
We express the amplitutes as functions of either the helicity distributions or transversity 
distributions as the sums 



-i<t>s 



(26) 



(27) 



10 



10 



\A f \ 2 = y^'gfefffc^hel) = y7gfcfffc(f&tr)- 



(28) 



fc=l 



fc=l 



From Eqs. (15) and (27), we compute the interference terms as 

10 



A)A f 



(29) 



Each term is listed in Table |4j In Ref . [3] the time-dependent and angular-dependent rate 
for B° s — y J/ip(j) is written as 



d 4 r 



10 



dtdfi 



tr 



tv), 



k=l 



where the time-dependent function 



Art Art 

h k (t) = N k e~ rt [a k cosh h c k cos(Amt) -t-fe^sinh h d& sin(Amt)], 



(30) 



(31) 



and the f k (£ltr) represent angular-dependent functions. Comparing with Eq. ^ it can 

1 m 1 2 _ m 12 _ 

-, c k to 1 fl 1 f , h to -TZe( q -A* f A f ) and 



be seen that corresponds to 



\A f r + L4/ 



c4 to —Im(^A*jAf). Using Table 4, we find the same equations as shown in Ref. |3 
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Table 4: Definition of the functions used in Eqs. (28) and (29). When two signs appear 



the upper one corresponds to qk and the lower to 



(— ) 
Qk 




9k{^he\) 


Pfc(^tr) 


1 A 12 

\ A o\ 


1 /I |2 

|A)| 




sin (/^ cos t/^ 


cos , ?/'tr(l — sin 2 0i r cos 2 ^ 


hi) 


1 4„ I 2 
\ A \\\ 


1 4„l 2 


Hi 




— ^in 2 ih± (4 — ^in 2 6± ^in 2 tl 
2 0111 */^tr \ ^- 0111 "tr oiii y 




\A \ I 2 


-U, I 2 

1 -L 1 


1(1 


— sin 2 6^ sin 2 x) sin 2 #h 


^ sin 2 ^ sin 2 


#tr 


1 A s I 2 
1 V3 1 


1 A s I 2 




sin 2 ^ 


1 — sin 2 # tr cos 2 


0tr 


We(^A„) 


ne(A*A {l ) 




^ sin 26>£ sin 26^ cos \ 


^ sin 2^tr sin 2 6> tr sin 2 


0tr 


±Zm(A*A ± ) 


ilZe(A* A±) 




^ sin 26^ sin 29 h sin x 


^ sin 2^ tr sin 26> tr cos 


0tr 


±^e(A*A§) 


-iZm(A* ^) 




2 sin 2 0£ cos 


2 cos V ; tr(l — sin 2 6*tr cos 2 q 


>tr) 


±Zm(A*A ± ) 


iHe(AT,A±) 




| sin 2 9 e sin 2 #/j sin 2\ 


— \ sin i[) tr sin 2# tr sin 


0tr 


±^e(A|^|) 


-iXm(A^) 




sin 26^ sin 6h cos % 


^= sin if) tI sin 2 6* tr sin 2 


0tr 








^ sin 26 V sin 6» fe sin x 


— ^ sin sin 29 tI cos 


0tr 



References 



[1] Particle Data Group, J. Beringer et al, Review of Particle Physics (RPP), Phys. 
|Rev. D86 (2012) 010001[ 

[2] LHCb collaboration, R. Aaij et al, Tagged time- dependent angular analysis of — >■ 



J/ip<p decays at LHCb, LHCb-CONF-20 12-002 



[3] LHCb collaboration, R. Aaij et al., Measurement of the CP-violating phase (, 
decay B° s J/ip(f), |Phys. Rev. Lett. 108 (2012) 101803[ |arXiv: 111273183, 



in the 



[4] CDF collaboration, T. Aaltonen et al, Measurement of the CP-violating phase 

in B° s J/^cj) decays with the CDF II Detector, |Phys. Rev. D85 (2012) 072002[ 
arXi v: 1112. 1726[ DO collaboration, V. M. Abazov et al, Measurement of the CP- 
violating phase <f>J^ using the flavor-tagged decay B° s — > J/ip(f) in 8 fb^ 1 of pp col- 
lisions, |Phys. Rev. D85 (2012) 032006} |arXiv: 1109.31661 ATLAS collaboration, 
G. Aad et al, Time-dependent angular analysis of the decay B° s — > J/tp<j) and extrac- 
tion of AT S and the CP-violating weak phase <j) s by ATLAS, |arXiv: 1208.0 572, 

[5] LHCb collaboration, R. Aaij et al, Measurement of the CP-violating phase <p s in 
B° s ->- J/ipir+n- decays, |Phys. Lett. B713 (2012) 378[ |arXiv: 1204.5675[ LHCb 
collaboration, R. Aaij et al., Measurement of the CP violating phase (fi s in B Q S — > 



J/ipf (980), Phys. Lett. B707 (2012) 497, arXiv: 1112.3056 



[6] LHCb collaboration, R. Aaij et al., Analysis of the resonant components in B® — > 
J/ipn+ir- , ||Phys. Rev. D86 (2012) 052006[ |arXiv : 1204 . 5643] 



10 



[7] A. S. Dighe, I. Dunietz, H. J. Lipkin, and J. L. Rosner, Angular distributions 
and lifetime differences in B s — > J/ip(f> decays, Phys. Lett. B369 (1996) 144, 



arXiv:hep-ph/9511363 A. S. Dighe, I. Dunietz, and R. Fleischer, Extracting CKM 



phases and B s — B s mixing parameters from angular distributions of nonleptonic B 
decays, Eur. Phys. J. C6 (1999) 647[ |arXiv : hep-ph/9804253] 



R. Dalitz, On the analysis of t -meson data and the nature of the r-meson, Phil. Mag. 



44 (1953) 1068 



[9] U. Nierste, Three lectures on Meson mixing and CKM phenomenology, 
arXiv:0904. 1869; I. I. Bigi and A. Sanda, CP violation, Camb. Monogr. Part. Phys. 
Nucl. Phys. Cosmol. 9 (2000) 1. 

[10] I. Dunietz et al, How to extract CP violating asymmetries from angular correlations, 
|Phys. Rev. D43 (1991) 2193[ 

[11] Belle collaboration, R. Mizuk et al., Observation of two resonance-like structures in 



the ir + Xci mass distribution in exclusive B — > K tc + Xci decays, Phys. Rev. D78 
|(2008) 072004] |arXiv : 0806 . 4098 



[12] LHCb Collaboration, R. Aaij et al., Opposite- side flavour tagging of B mesons at the 
LHCb experiment, |Eur. Phys. J. C72 (2012) 2022[ |arXiv: 1202.4979[ DO Collabora- 
tion, V. Abazov et al, Measurement of Bd mixing using opposite-side flavor tagging, 



Phys. Rev. D74 (2006) 112002, arXiv:hep-ex/0609034, 



[13] LHCb Collaboration, R. Aaij et al., Determination of the sign of the decay width 



difference in the B s system, |Phys. Rev. Lett. 1 08 (20 12) 241801[ |arXiv: 1202.4717 



[14] S. Stone and L. Zhang, S-waves and the measurement of CP violating phases in B s 
decays, [Phys. Rev. D79 (2009) 074024} |arXiv:0812.2832| 

[15] Y. Xie, P. Clarke, G. Cowan, and F. Muheim, Determination of 2f3 s in B° s — > 
J/ipK + K~ Decays in the Presence of a K + K~ S-Wave Contribution, JHEP 0909 
|(2009) 0"74]|arXiv:0908.3627[ 

[16] LHCb Collaboration, R. Aaij et al., Observation of B s — > J/ipf '^(1525) in J/ipK + K~ 
final states, |Phys. Rev. Lett. 108 (2012) 15180~l~j |arXiv: 1112 .4695} DO Collabora- 
tion, V. M. Abazov et al, Study of the decay B° s -> J/-0/^(1525) in ^^'K+K' 



final states, Phys. Rev. D (2012) arXiv : 1204 . 5723 



[17] F. Azfar et al, Formulae for the Analysis of the Flavor-Tagged Decay B® — > J/ip<f), 
|JHEP 1011 (2010) 158HarXiv:1008.4283[ 

[18] K. Abe, M. Satpathy, and H. Yamamoto, Time dependent angular analyses of B 
decays, |arXiv : hep-ex/0103002"l 



11 



